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ABSTRACT : PURPOSE: To facilitate the preparation of a head by using a feufte at a block material. 

drilling plural grooves on the sliding surface and adhering a thin film composed the 
non-magnetic substance with a high hardness at the whole surface including the groove, 
when a magnetic head is prepared. 

CONSTITUTION: As a material used when a magnetic head 10 is prepared, an 
easy-to-work ferrite is used, a shape is made into a slender rectangular shape, the slender 
surface is made into a sliding surface 10b and the surface orthogonal to this is made into a 
gap forming surface 10a. Next, plural grooves 11 are drifted to the sliding surface 10b, and 
a non-magnetic thin film 12 with a high hardness such as AI2O3, TiO? and Ta 2 05 Is 
adhered to the bottom surface and a surface 1 0 protruded between plural grooves 1 1 » 
Plural V-shaped grooves 1 3 am bored orthogonal to the grooves 1 1 even at the side 
surface and in the same way, a non-magnetic thin film 1 5 with the high hardness id 
adhered on the surface. Thereafter, the grooves 13 are crossed, a winding groove 17 is 
formed at the block, one more same block without having the groove 17 is glass -joined at 
the groove 13 side, the central part of the mutually entered grooves 13 is crossed and cut 
to the head with the desired size. 
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Pole tip recession studies of hard carbon-coated thin-film tape heads 
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Hard carbon coatings were deposited by cathodic arc and direct ion beam deposition techniques on 
-thin-film Al^-TiC heads and by the latter technique on thin-film Ni-Zn ferrito heads. Functional 
accelerated tests were conducted against metal particle tapes in a linear tape drive. Ion beam carbon 
coatings on Ni-Zn ferrite and AI2O3-I1C heads substantially reduced the pole tip recession 
observed with uncoated heads. Cathodic arc carbon coated AJ 2 Oj-TiC heads performed better than 
uncoated heads, but were less effective than the ion beam coating. Pole tip recession increased only 
if carbon was removed from the pole tip. This suggests that coating effectiveness is determined by 
its adherence to the pole tip. In two-wide pole tip heads, wear of the pole adjacent to the substrate 
was less than that of the other pole. Coatings withstood accelerated tests and may meet life time 
requirements of future heads. © 1996 American Institute of Physics. [S0G21-8979(96)1 27Q&-6] 



A major problem in thin-ium recording heads is pole 
tip/gap recession in inductive heads. 1 Pole tip recession (rela- 
tive wear of the pole tip with respect to the air bearing sur- 
face or ABS) and other damage to the head structure, which 
may result in signal degradation, can be minimized by de- 
positing a thin (~-5 to 20 nm) hard carbon coating over the 
entire ABS. including the head structure. 2 " 4 Sputter depos- 
ited carbon coatings are currently used in MR heads. 3,4 Ca- 
thodic arc and direct ion beam deposition techniques are 
highly energetic processes which are known to produce a 
dense and hard coating with good adhesion to the 
substrate. 5 ' 6 Recent screening studies 5 ' 6 have shown that ca- 
thodic arc and ion beam carbon coatings are superior in me- 
chanical properties and scratch and wear resistance to sput- 
tered and plasma-enhanced chemical vapor deposition 
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FIG. I. Top view schematic of IBM 3430/3490 type of head end expanded 
view of ihe thfo-film Structure for each substrate. 



(PECVD) carbon coatings. The objective of this research 
was to conduct functional tape drive tests with coated 
dummy Al^O^-TiC and Ni-Zn ferrite heads with thin-film 
head structure. 

A1 2 0 3 -T5C and Ni-Zn -ferrite heads (rms=l^ nm) with 
IBM 3480/3490 type of construction were selected for this 
study, Fig. 1 . One of the two modules (19 mmX3.8 mm) had 
the thin-film construction of an inductive write head, 
whereas the second module was a dummy module. The ra- 
dius of the modules was 20 mm. Thick films of NiFc were 
electroplated andAl 2 (>, and thin films of NiFe were rf sput- 




Sliding velocity (m/s) 




TO. 2. Coefficient of faction end friction force at nominal experimental 
conditions as a taction of (a) wrap angle, (b) sliding vclochy. and (c) (ape 
tension. 
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PIG. 3. Pole hp recession vs sliding distance as measured with an AFM- ATM scans across the thin-film sm*uw at various sliding distances and entieaj 
micrographs [except (a) and (c)] of the coated thin-flm shocoire at various sliding distances for (a) nncoattd Wi-Zn ferritc heads before and after being run 
against CrO, and MV tapes, (b) untoated and ion beam carbon coated Ni-2n ferritc heads against MP tape, (c) and (d) imcoated and ion beam carbon 
coated AljOj-TiC heads run against MP tape, and (c) uncoaxed and cothodJc ajx carbon coated Al^-TiC heads run against MP tape. 

J. AppJ. Phy*. Vol. 79, No. 8. 15 April 1996 BrtUShan 6917 
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tered. AlAr-TiC heads have two poles with thin-film struc- 
ture, and Ni-Zn fenritc heads utilize a single pole tip (Fig. 1). 
Thc hard amorphous carbon (a-C) (also referred 10 as dia- 
mondlikc carbon) coatings with 20 run thickness were depos- 
ited by cathodic arc and ion beam deposition techniques. 5 ' 6 
Nanoin dentation hardness values of cathodic arc and ion 
beam carbon coatings are 38 and 19 GPa, respectively, 
whereas, hardness of commonly used sputtered carbon is 
about )5 GPa. 5 The critical load required to damage cathodic 
arc and ion beam coatings in microscratch experiments is 
mom than a factor of two higher than that of the sputtered 
coatings. 5 The sliding tests on coated heads ran against Fuji 
Atomm double layer video grade (substrate/total thickness 
=9.8/13.2 /an) metal particle (MP) magnetic tapes (rms=4 
nm, P—V=31 run) 7 were carried out using a linear tape drive 
(Honeywell 96) at 1,7 N of tape tension and 3 m/s sliding 
velocity in an ambient environment (22 ±1 °C and 45 ±5% 
RH) to sliding distances of 500-1000 km. 7 In normal drive 
operation, the tape wraps 17* over the head and engages one 
half of the outer bleed slots (Tig. 1), which results in a flying 
height of less than 100 nm. In these experiments, about 90% 
of the outer bleed slots were engaged by wrapping the head 
to increase the minimum film thickness region (which may 
accelerate wear by particle entrapment) and to increase the 
friction force (which may accelerate wear). Data in Fig. 2(a) 
shows an increase in both the friction force and coefficient of 
friction at large wrap angles. Since at low sliding velocity 
and high tape tension, the coefficient of friction is higher 
than that under the condition of entire slot engagement as 
shown in Figs. 2(b) and 2(c), it appeal's that air bearing effect 
is still present at the test conditions. 

The pole tip recession was measured by atomic force 
tmcroscope (AFM) imaging before and after the sliding tests. 
For recession measurements, the head was placed on a linear 
stage. A pole on one end was first located in an optical mi- 
croscope, and then the others were located with respect to 
that pole. Typically, poles numbered 3, 7, 11, and 15 (out of 
1 to IS) were imaged and photographed in this study to 
account for any variability across the tape width (Fig. 1). 
Pole tip recession was referenced to the substrate nearest to 
the pole, and the average was taken over each pole. Pole tip 
recession for a given condition is the average over the four 
chosen poles. 

Figure 3(a) shows a comparison of the results obtained 
by running Cr0 2 (rms-17.1 nm, P-V=\6\ nm) and MP 
tapes against uncoated Ni-Zn fcrrrtc heads. 7 Cr0 2 tape 
caused a large pole tip recession and catastrophic wear of the 
thin-film region after only 5 km of sliding distance, whereas 
MP tape produced smaller pole tip recession and relatively 
minor damage primarily in the form of scratching to the 
thin-film region after 500 km of sliding distance. MP tape 
was selected since this tape is considered for advanced thin- 
film head applications. 



Figure 3(b) shows a comparison of the performance of 
uncoated and ion beam carbon coated Ni-Zn ferrite heads 
during sliding experiments. The pole tip recession increased 
with sliding distance for the uncoated head, but remained 
essentially constant over a larger sliding distance for the 
coated head (error bars in the left block represent the vari- 
ability in the average pole tip recession over the four chosen 
poles). The 20 AFM Jine scans of the uncoated head show 
that the entire thin-film region recessed from the ABS with 
increased sliding distance. Optical micrographs of the coated 
head show that the coating remained on the pole tips through 
1000 km of sliding distance which prevented growth of pole 
tip recession. 

Figures 3(c) and 3(d) show a comparison of the perfor- 
mance of uncoated and ion beam carbon coated Al 2 0 3 -TjC 
heads during sliding experiments. The pole tip recession in- 
creased with sliding distance for the uncoated head, but re- 
mained essentially constant over a larger sliding distance for 
the coated head The 3D [Fig. 3(c)] and 2D [Fig. 3(d)] AFM 
line scans show that the coating reduced the growth of reces- 
sion of the entire thin-film region from the ABS with in- 
creased sliding distance as compared to that observed with 
the uncoated head. Optical micrographs in Fig. 3(d) show 
that the coating remained on the pole tips through 1000 km 
of sliding. 

Figure 3(e) shows a comparison of the performance of 
uncoated and cathodic arc carbon coated Al 2 0 3 -TiC heads 
during sliding experiments. The performance of the cathodic 
arc carbon coated head in preventing pole tip recession was 
better than the uncoated head, but was less effective than the 
ion beam carbon coating. The 2D AFM line scans and optical 
micrographs of the coated head show that the coating was 
removed from the pole farthest from the substrate (bottom 
pole in optical micrographs) after sliding between 5 and 100 
km. Further growth in recession of this pole tip after 100 km 
observed with the uncoated head did not occur. Further note 
that wear of carbon coating, when it occurred, was initiated 
at the pole tips which is related to the adhesion of carbon to 
various layers present on the substrate. Finally, no loose de- 
bris was found on the thin-film region near the pole tips in 
tests with uncoated and coated heads. 

We thank Paul D. Reader of Ion Tech Inc. and S. Anders 
of Lawrence Berkeley Laboratory for coating of the heads. 



*B. Bhushsn, THboiagy and Mechanics of Magnetic Storage Devices 
(Springer* New York, 1990). 
2 V. Zicren et at., IEEE Trans. Magn. 30, 340 (1994). 
S H_ C Chans et aL, U-S. Patent 5,175,658 (29 December 1992). 
4 A. Grill a cl, U.S- Patent 5,159,508 (27 October 1992). 
5 B. Shoshan et aL. IEEE Trans. Magn. 31. 2976 (1995) 
'B. K- Gupta and B. Bhnnhnn, Wear 190. 110 (1995). 
7 B. Bbnshan and J. A. J-owry, Wear 190, 1 (1995). 



591 8 J. Appl. Phys., vol. 79, No. 6, 1 5 April 1 996 Bhushan et aL 

Do1rtmloaded^24^Feb-2006^-15^3^33.G8^Rfi^ 



PAGE 9/32 * RCVD AT 2/24/2008 6:01:06 PM [Eastern Standard Time] • SVfcUSPTO-EFXRF-600 * DNIS:2738300 ■ CSID:6508528063 • DURATION |mm-ss):08-12 



